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1
METHOD OF HANDLING CONTROL
CHANNEL AND RELATED
COMMUNICATION DEVICE

CROSS REFERENCE TO RELATED
APPLICATIONS

This application claims both the benefit of U.S. Provisional
Application No. 61/608,643, filed on Mar. 9, 2012, entitled
“Method and Apparatus for Resource Detection of Enhanced
Control Channel for OFDMA Systems”, and the benefit of
U.S. Provisional Application No. 61/720,401, filed on Oct.
31,2012, entitled “Method and Apparatus for Resource Indi-
cation Signaling Compression of Enhanced Downlink Con-
trol Channel for OFDMA Systems”, the contents of which are
incorporated herein in their entirety.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a method used in a wireless
communication system and related communication device,
and more particularly, to a method of handling a control
channel and related communication device.

2. Description of the Prior Art

A long-term evolution (LTE) system supporting the 3GPP
Rel-8 standard and/or the 3GPP Rel-9 standard are developed
by the 3rd Generation Partnership Project (3GPP) as a suc-
cessor of a universal mobile telecommunications system
(UMTS), for further enhancing performance of the UMTS to
satisfy increasing needs of users. The LTE system includes a
new radio interface and a new radio network architecture that
provides a high data rate, low latency, packet optimization,
and improved system capacity and coverage. In the LTE
system, a radio access network known as an evolved universal
terrestrial radio access network (E-UTRAN) includes mul-
tiple evolved Node-Bs (eNBs) for communicating with mul-
tiple UEs, and communicating with a core network including
a mobility management entity (MME), a serving gateway,
etc., for Non-Access Stratum (NAS) control.

A LTE-advanced (LTE-A) system, as its name implies, is
an evolution of the LTE system. The LTE-A system targets
faster switching between power states, improves perfor-
mance at the coverage edge of an eNB, and includes advanced
techniques, such as carrier aggregation (CA), coordinated
multipoint transmission/reception (CoMP), UL multiple-in-
put multiple-output (MIMO), etc. For a UE and an eNB to
communicate with each other in the LTE-A system, the UE
and the eNB must support standards developed for the LTE-A
system, such as the 3GPP Rel-10 standard or later versions.

Thus, a large amount of control information is needed to
realize the abovementioned systems. Accordingly, advanced
control channels are introduced for transmitting the control
information, e.g., enhanced physical control format indicator
channel (EPCFICH), enhanced physical downlink control
channel (EPDCCH). Different from a legacy physical down-
link control channel (PDCCH) which can only be transmitted
in first few orthogonal frequency domain multiplexing
(OFDM) symbols of a subframe, the advanced control chan-
nels can be transmitted in more symbols to achieve flexibility
and robustness. As a result, the eNB needs to indicate (i.e.,
configure) the advanced control channels to the UE by using
a larger amount of signaling. Thus, how to indicate the
advanced control channels efficiently is an important topic to
be discussed. That is, the eNB indicate the EPDCCH to the
UE by using a signaling with low overhead, while the UE can

20

25

30

40

45

2

still detect (e.g., locate, detect) and recover the EPDCCH
correctly according to the signaling.

SUMMARY OF THE INVENTION

The present invention therefore provides a method and
related communication device for handling a control channel
to solve the abovementioned problem.

A method of detecting a control channel is disclosed. The
method comprises determining a number of a plurality of
resource units assigned for the control channel according to a
size indicator; determining the plurality of resource units
according to a combinatorial index, wherein the combinato-
rial index is determined according to the number of the plu-
rality of resource units and a number of total resource units;
and detecting the control channel according to the plurality of
resource units.

A method of indicating a control channel is disclosed. The
method comprises determining a size indicator according to a
number of a plurality of resource units assigned for the con-
trol channel; determining a combinatorial index according to
the number of the plurality of resource units and a number of
total resource units; and indicating the control channel
according to the size indicator and the combinatorial index.

A method of detecting a control channel for a communi-
cation device in a wireless communication system is dis-
closed. The method comprises determining a starting position
of the control channel according to a starting index; and
receiving size information of the control channel in a control
format indicator channel transmitted by a network of the
wireless communication system.

A method of indicating a control channel for a network of
a wireless communication system is disclosed. The method
comprises determining size information of the control chan-
nel; transmitting a control format indicator channel compris-
ing the size information to a communication device in the
wireless communication system, to indicate the control chan-
nel to the communication device.

These and other objectives of the present invention will no
doubt become obvious to those of ordinary skill in the art after
reading the following detailed description of the preferred
embodiment that is illustrated in the various figures and draw-
ings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG.11is a schematic diagram of a wireless communication
system according to an example the present invention.

FIG. 2 is a schematic diagram of a communication device
according to an example to the present invention.

FIG. 3 is a flowchart of a process according to an example
of the present invention.

FIG. 4 is a flowchart of a process according to an example
of the present invention.

FIG. 5 is a flowchart of a process according to an example
of the present invention.

FIG. 6 is a flowchart of a process according to an example
of the present invention.

FIG. 7 is a schematic diagram of resource allocation
according to an example of the present invention.

DETAILED DESCRIPTION

Please refer to FIG. 1, which is a schematic diagram of a
wireless communication system 10 according to an example
of'the present invention. The wireless communication system
10 is briefly composed of a network and a plurality of user
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equipments (UEs). In FIG. 1, the network and the UEs are
simply utilized for illustrating the structure of the wireless
communication system 10. Practically, the network can be a
universal terrestrial radio access network (UTRAN) compris-
ing a plurality of Node-Bs (NBs) in a universal mobile tele-
communications system (UMTS). Alternatively, the network
can be an evolved UTRAN (E-UTRAN) comprising a plural-
ity of evolved NBs (eNBs) and/or relays in along term evo-
Iution (LTE) system or a LTE-Advanced (LTE-A) system.

Furthermore, the network can also include both the
UTRAN/E-UTRAN and a core network, wherein the core
network includes network entities such as Mobility Manage-
ment Entity (MME), Serving Gateway (S-GW), Packet Data
Network (PDN) Gateway (P-GW), Self-Organizing Net-
works (SON) server and/or Radio Network Controller
(RNC), etc. In other words, after the network receives infor-
mation transmitted by a UE, the information may be pro-
cessed only by the UTRAN/E-UTRAN and decisions corre-
sponding to the information are made at the UTRAN/E-
UTRAN. Alternatively, the UTRAN/E-UTRAN may
forward the information to the core network, and the deci-
sions corresponding to the information are made at the core
network after the core network processes the information.
Besides, the information can be processed by both the
UTRAN/E-UTRAN and the core network, and the decisions
are made after coordination and/or cooperation are performed
by the UTRAN/E-UTRAN and the core network. a UE can be
a mobile phone, a laptop, a tablet computer, an electronic
book ora portable computer system. Besides, the network and
the UE can be seen as a transmitter or a receiver according to
transmission direction, e.g., for an uplink (UL), the UE is the
transmitter and the network is the receiver, and for a downlink
(DL), the network is the transmitter and the UE is the receiver.

Please refer to FIG. 2, which is a schematic diagram of a
communication device 20 according to an example of the
present invention. The communication device 20 canbe a UE
or the network shown in FIG. 1, but is not limited herein. The
communication device 20 may include a processing means
200 such as a microprocessor or Application Specific Inte-
grated Circuit (ASIC), a storage unit 210 and a communica-
tion interfacing unit 220. The storage unit 210 may be any
data storage device that can store a program code 214,
accessed and executed by the processing means 200.
Examples of the storage unit 210 include but are not limited to
a subscriber identity module (SIM), read-only memory
(ROM), flash memory, random-access memory (RAM), CD-
ROM/DVD-ROM, magnetic tape, hard disk and optical data
storage device. The communication interfacing unit 220 is
preferably a transceiver and is used to transmit and receive
signals (e.g., messages or packets) according to processing
results of the processing means 200.

Please refer to FIG. 3, which is a flowchart of a process 30
according to an example of the present invention. The process
30 can be utilized in the network shown in FIG. 1, for indi-
cating (e.g., assigning, configuring) a control channel. The
process 30 may be compiled into the program code 214 and
includes the following steps:

Step 300: Start.

Step 302: Determine a size indicator according to a number
of a plurality of resource units assigned for the control chan-
nel.

Step 304: Determine a combinatorial index according to
the number of the plurality of resource units and a number of
total resource units.

Step 306: Indicate the control channel according to the size
indicator and the combinatorial index.

Step 308: End.
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According to the process 30, the network determines a size
indicator according to a number of a plurality of resource
units assigned for the control channel, and determines a com-
binatorial index according to the number of the plurality of
resource units and a number of total resource units. Then,
network can indicate the control channel according to the size
indicator and the combinatorial index. In other words, the
network can assign the control channel to the UE by using the
size indicator and the combinatorial index, e.g., transmitting
the size indicator and the combinatorial index to the UE.

Correspondingly, a UE can detect (e.g., locate, demodulate
and/or decode) the control channel by using the size indicator
and the combinatorial index. Please refer to FIG. 4, which is
a flowchart of a process 40 according to an example of the
present invention. The process 40 is utilized in a UE shown in
FIG.1, for detecting a control channel. The process 40 may be
compiled into the program code 214 and includes the follow-
ing steps:

Step 400: Start.

Step 402: Determine a number of a plurality of resource
units assigned for the control channel according to a size
indicator.

Step 404: Determine the plurality of resource units accord-
ing to a combinatorial index, wherein the combinatorial index
is determined according to the number of the plurality of
resource units and a number of total resource units.

Step 406: Detect the control channel according to the plu-
rality of resource units.

Step 408: End.

According to the process 40, the UE first determines a
number of a plurality of resource units assigned for the con-
trol channel according to a size indicator. Then, the UE deter-
mines the plurality of resource units according to a combina-
torial index, wherein the combinatorial index is determined
according to the number of the plurality of resource units and
a number of total resource units. Thus, the UE can detect the
control channel according to the plurality of resource units. In
other words, the UE can detect the control channel to the UE
by using the size indicator and the combinatorial index, e.g.,
after receiving the size indicator and the combinatorial index
to the UE.

Thus, the network can assign the control channel to the UE
by using a signaling with low overhead, while the UE can
detect (e.g., locate, detect) and recover the control channel
correctly according to the signaling.

Please note that, a method according to which the size
indicator and the combinatorial index are obtained or used is
not limited, as long as the plurality of resource units one-to-
one correspond to (a combination of) the size indicator and
the combinatorial index. That is, the plurality of resource
units can be uniquely determined according to the size indi-
cator and the combinatorial index. Conversely, the size indi-
cator and the combinatorial index can also be uniquely deter-
mined according to the plurality of resource units. For
example, the combinatorial index can be determined accord-
ing to the following equation:

m—=1

ws ) (05

i=0

(Eq. 1)

where m is the number of the plurality of resource units, 1, is
an index of an ith resource unit of the plurality of resource
units with 1=r,<N and r;<r,,, N is the number of the total
resource units, and

i+13
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Besides, the plurality of resource units and the total resource
units mentioned above can be resource blocks (RBs) or
resource block groups (REGs). Further, a length of the com-
binatorial index can be predetermined as

o}

where M is a maximum number of resource units supported,
and [-] is a ceiling function. That is, a maximum number of
bits needed for representing the combinatorial index is

()}

Thus, additional overhead can be avoided, if space (e.g., of
the storage unit) of

s

bits are reserved for storing the combinatorial index.

When the wireless communication system 10 conforms to
the 3GPP Rel-11 standard or later versions, the control chan-
nel can be an enhanced physical downlink control channel
(EPDCCH) wherein the plurality of resource units compose
an EPDCCH set. For example, the number of total resource
units is 15, and the network intends to assign the EPDCCH set
including four RBs RB2, RB7, RB10 and RB11 to the UE.
The size indicator denotes a number of physical resource
blocks actually assigned for an EPDCCH set. One example is
to let the size indicator be represented by 2 bits, e.g., “00” for
2 RBs, “01” for 4 RBs and “10” for 8 RBs, where “11” is
reserved. Then, the combinatorial index can be obtained
according to Eq.1 as follows

(GG

in a decimal format, and c, can be represented in a binary
format as “0001100010001”. Thus, the RBs RB2, RB7,
RB10 and RB11 can be uniquely be indicated (e.g., assigned,
configured) by using a combination of the size indicator and
the combinatorial index, which is “010001100010001”. Note
that a method according to which the combination is per-
formed is not limited, as long as one-to-one correspondence
between the EPDCCH set and the size indicator and the
combinatorial index is not violated. Besides, the length of the
combinatorial index in the present example is

15
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due to M=8. Correspondingly, the UE can detect (e.g., locate,
demodulate and/or decode) the EPDCCH by using the size
indicator and the combinatorial index. That is, the one-to-one
correspondence between the EPDCCH and the size indicator
and the combinatorial index is used for detecting the control
channel.

Thus, according to the process 30, the process 40 and the
abovementioned description, the network can assign the con-
trol channel to the UE by using a signaling with low overhead,
while the UE can detect and recover the control channel
correctly according to the signaling.

Please refer to FIG. 5, which is a flowchart of a process 50
according to an example of the present invention. The process
50 is utilized in the network shown in FIG. 1, for indicating
(e.g., assigning, configuring) a control channel to a UE. The
process 50 may be compiled into the program code 214 and
includes the following steps:

Step 500: Start.

Step 502: Determine size information of the control chan-
nel.

Step 504: Transmit a control format indicator channel com-
prising the size information to the UE, to indicate the control
channel to the UE.

Step 506: End.

According to the process 50, the network determines size
information of the control channel, and transmits a control
format indicator channel comprising the size information to
the UE to indicate the control channel to the UE.

Corresponding, please refer to FIG. 6, which is a flowchart
of'a process 60 according to an example of the present inven-
tion. The process 60 is utilized in the UE shown in FIG. 1, for
detecting (e.g., locating, demodulating and/or decoding) a
control channel (e.g., the control channel in the process 50).
The process 60 may be compiled into the program code 214
and includes the following steps:

Step 600: Start.

Step 602: Determine a starting position of the control chan-
nel according to a starting index.

Step 604: Receive size information of the control channel
in a control format indicator channel transmitted by the net-
work.

Step 606: End.

According to the process 60, the UE determines a starting
position of the control channel according to a starting index,
and receives size information of the control channel in a
control format indicator channel transmitted by the network.
Then, the UE can detect the control channel according to the
starting position and the size information.

Thus, the starting position is determined semi-statically for
realizing frequency-domain inter-cell interference control
(FDM-ICIC), while the size information is configured rapidly
to adapt to fast varying environments (e.g., a number of the
UESs). As a result, the control channel can be detected effi-
ciently.

Please note that, detail of the starting position and the size
information is not limited, and ways via which the UE obtains
the starting position and the size information are also not
limited. For example, the starting index can be included in a
higher layer signaling (e.g., radio resource control (RRC)
signaling) or a legacy physical downlink control channel
(PDCCH) transmitted by the network. That is, the network
transmits the higher layer signaling or the legacy PDCCH to
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the UE, to provide the starting index to the UE. Alternatively,
the UE can obtain the starting index according to at least one
physical layer parameter (e.g., cell ID, subframe number,
etc.). That is, the starting index is a function of the at least one
physical layer parameter. On the other hand, the size infor-
mation can include at least one of a number of total resource
blocks and a number of resource blocks for transmitting the
control channel. For example, the control channel can be
distributed uniformly according to the starting position and
the size information, and a spacing of the control channel can
be obtained according to the number of total resource blocks
and the number of resource blocks.

When the wireless communication system 10 conforms to
the 3GPP Rel-11 standard or later versions, the control chan-
nel can be an EPDCCH and the control format indicator
channel can be an enhanced physical control format indicator
channel (EPCFICH) included in at least one of a legacy
PDCCH or an EPDCCH transmitted by the network.

Please refer to FIG. 7, which is a schematic diagram of
resource allocation according to an example of the present
invention. As shown in FIG. 7, a legacy PDCCH 70 is trans-
mitted by the network over an entire (i.e., considered) band-
width (e.g., which include a large number of RBs), while an
EPDCCH 72 is transmitted by the network over a smaller
bandwidth including RBs 720-726 which are distributed uni-
formly. For example, the size information can include that the
entire bandwidth of N ;=32 RBs and the EPDCCH 72 of
Neppccr=4 RBS (i.e., the RBs 720-726). The starting index
is start_ind=5. Then, after obtaining the starting index and the
size information, the UE can detect the RBs 720-726 accord-
ing to the following equation:

(Eq. 2)

EPDCCH, = start_ind + [N i J
EPDCCH

where n=0, . . ., Nzppeca—1), || is a floor function, and
EPDCCH,, is an index of the nth RB. Thus, EPDCCH, =5,
EPDCCH, =13, EPDCCH,=21 and EPDCCH;=29 can be
obtained, and the UE can detect the RBs 520-526 accordingly.
Besides, as mentioned previously, the EPCFICH which is
used for transmitting the size information can be included in
the PDCCH 70 and/or the EPDCCH 72 transmitted by the
network.

Thus, according to the process 50, the process 60 and the
abovementioned description, the starting position can be
determined semi-statically for realizing the FDM-ICIC,
while the size information can be configured rapidly to adapt
to the fast varying environments (e.g., a number of the UEs).
As a result, the control channel can be detected with a low
overhead and better performance.

Those skilled in the art should readily make combinations,
modifications and/or alterations on the abovementioned
description and examples. The abovementioned steps of the
processes including suggested steps can be realized by means
that could be a hardware, a firmware known as a combination
of'a hardware device and computer instructions and data that
reside as read-only software on the hardware device, or an
electronic system. Examples of hardware can include analog,
digital and mixed circuits known as microcircuit, microchip,
or silicon chip. Examples ofthe electronic system can include
a system on chip (SOC), system in package (SiP), a computer
on module (COM), and the communication device 20.

To sum up, the present invention provides a method for
handling a control channel. The network can assign the con-
trol channel to the UE by using a signaling with low overhead,
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while the UE can detect and recover the control channel
correctly according to the signaling. Besides, tradeoff
between the overhead and the performance is solved accord-
ing to the present invention.

Those skilled in the art will readily observe that numerous
modifications and alterations of the device and method may
be made while retaining the teachings of the invention.
Accordingly, the above disclosure should be construed as
limited only by the metes and bounds of the appended claims.

What is claimed is:
1. A method of detecting an enhanced physical downlink
control channel (EPDCCH), the method comprising:

determining, by a communication device, a number of a
plurality of resource blocks assigned for the EPDCCH
according to a size indicator;

determining, by the communication device, the plurality of
resource blocks according to a combinatorial index,
wherein the combinatorial index is determined accord-
ing to the following equation:

m=1

w2 i)

i=0

where m is the number of the plurality of resource blocks,
1, is an index of an ith resource block of the plurality of

resource blocks with 1=r,<N and r,<r,, ,, N is the number
of the total resource blocks, and
X
X ( ] zy (X x!
< >: y w1th( ]:—;and
y y/) yla-mt
0 x<y

detecting the EPDCCH according to the plurality of
resource blocks.
2. The method of claim 1, wherein a length of the combi-
natorial index is

N

{mgz( M ﬂ

where M is a maximum number of resource blocks supported,
and ]] is a ceiling function.

3. The method of claim 1, wherein the plurality of resource
blocks one-to-one correspond to the size indicator and the
combinatorial index.

4. A method of indicating an enhanced physical downlink
control channel (EPDCCH), the method comprising:

determining, by a communication device, a size indicator

according to a number of a plurality of resource blocks
assigned for the EPDCCH;

determining, by the communication device, a combinato-

rial index according to the following equation:

where m is the number of the plurality of resource blocks,
1, is an index of an ith resource block of the plurality of
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resource blocks with 1=r,<N and r,<r,,,, N is the number
of the total resource blocks, and

(3) e 5
X , xz=y X x! ]
<y>_{ Y W“h(y]‘y!(x—yﬂ’and

indicating the EPDCCH according to the size indicatorand 19
the combinatorial index.
5. The method of claim 4, wherein a length of the combi-
natorial index is

o}

where M is a maximum number of resource blocks supported,
and [-] is a ceiling function.
6. A communication device for detecting an enhanced
physical downlink control channel (EPDCCH), comprising:
a storage unit for storing instructions of:
determining a number of a plurality of resource blocks
assigned for the EPDCCH according to a size indicator;
determining the plurality of resource blocks according to a
combinatorial index, wherein the combinatorial index is
determined according to the following equation:

20

25

30

35

where m is the number of the plurality of resource blocks,
1, is an index of an ith resource block of the plurality of
resource blocks with 1=r,<N and r,<r,,,, N is the number

of the total resource blocks, and 40

x!

= Sy

> x
) with( ]
y

0 x<y 45

detecting the EPDCCH according to the plurality of
resource blocks; and

aprocessing means, coupled to the storage unit, configured 50
to execute the instructions stored in the storage unit.
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7. The communication device of claim 6, wherein a length
of the combinatorial index is

e}

where M is a maximum number of resource blocks supported,
and [-] is a ceiling function.

8. The communication device of claim 6, wherein the plu-
rality of resource blocks one-to-one correspond to the size
indicator and the combinatorial index.

9. A communication device for indicating an enhanced
physical downlink control channel (EPDCCH), comprising:

a storage unit for storing instructions of:

determining a size indicator according to a number of a

plurality of resource blocks assigned for the EPDCCH;
determining a combinatorial index according to the follow-
ing equation:

where m is the number of the plurality of resource blocks,
1, is an index of an ith resource block of the plurality of
resource blocks with 1=r,<N andr,<r,, ;,is the number of
the total resource blocks, and

S R

indicating the EPDCCH according to the size indicator and
the combinatorial index; and
aprocessing means, coupled to the storage unit, configured
to execute the instructions stored in the storage unit.
10. The communication device of claim 9, wherein a length
of the combinatorial index is

e}

where M is a maximum number of resource blocks supported,
and [-] is a ceiling function.

#* #* #* #* #*



